In China, colorectal cancer is the fifth most common malignancy in men and the sixth most common malignancy in women[@b1]. In 2008, colorectal cancer was the fifth most common cause of tumor death in men and women, accounting for 5.6% of the total deaths due to cancer[@b1]. Current recommended chemotherapy for metastatic colorectal cancer (mCRC) in China is fluoropyrimidine-based chemotherapy, with the addition of oxaliplatin or irinotecan (FOLFOX/FOLFIRI/CapeOx).

Randomized clinical trials have shown that in patients with previously untreated mCRC, bevacizumab improves progression-free survival (PFS) and overall survival (OS) in combination with irinotecan-based[@b2] or 5-fluorouracil (5-FU)--based chemotherapy[@b3] and improves PFS in combination with oxaliplatin-based chemotherapy[@b4]. Furthermore, combination of bevacizumab with 5-FU--based chemotherapy has been shown to improve PFS compared with 5-FU--based chemotherapy alone in the second-line treatment of patients with mCRC[@b5]. However, there is a paucity of data from large phase III clinical trials on the effect of the combination of bevacizumab with chemotherapy in Chinese patients with mCRC.

Three large observational studies in patients with mCRC have shown that the efficacy and safety profile of bevacizumab in routine clinical practice is consistent with results observed in prospective randomized clinical trials[@b6]--[@b9]. However, as with the randomized phase III trials, these observational studies did not include Chinese patients.

This phase III trial---avastin and irinotecon in first-line metastatic colorectal cancer (China ARTIST)--- was performed to evaluate whether the benefits observed in Caucasian patients following the addition of bevacizumab to irinotecan-based chemotherapy in a pivotal phase III trial[@b2] and a phase IV trial[@b10] could be replicated in Chinese patients with mCRC undergoing first-line therapy with bevacizumab in combination with modified irinotecan, leucovorin bolus, and 5-FU intravenous infusion (mIFL) compared with mIFL alone.

Patients and Methods {#s2}
====================

Study design {#s2a}
------------

This was a prospective, multicenter, randomized, open-labelled, phase III trial (BO20696; NCT00642577). Patients were eligible for inclusion if they had unresectable, histologically proven, measurable mCRC, were ≥18 years of age, had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, had no previous therapy for metastatic disease \[adjuvant or neoadjuvant treatment for non-metastatic (MO) disease was allowed if completed at least 6 months before initiation of study treatment\], and had a life expectancy of \>3 months. Patients were required to have creatinine clearance \>50 mL/min \[or serum creatinine ≤1.5 × upper limit of normal (ULN)\] and urine dipstick proteinuria ≤2+; those with proteinuria \>2+ on dipstick urinalysis at baseline underwent 24-h urine collection and were required to demonstrate ≤1 g protein/24 h. Other inclusion criteria were adequate haematological function (absolute neutrophil count ≥1.5 × 10^9^/L, platelet count ≥100 × 10^9^/L, and hemoglobin ≥90 g/L); international normalized ratio ≤1.5; activated partial thromboplastin time ≤1.5 × ULN; and adequate hepatic function \[total bilirubin ≤1.5 × ULN; aspartate aminotransferase (AST) and alanine aminotransferase (ALT) ≤2.5 × ULN in patients without liver metastases; and AST and ALT ≤5 × ULN in patients with liver metastases\]. All patients provided written informed consent.

Patients were excluded if they had previously received adjuvant irinotecan or anti-vascular endothelial growth factor (VEGF) therapy or if they had any of the following: untreated brain metastases; history or evidence of central nervous system disease; clinically significant cardiovascular disease, myocardial infarction, unstable angina, congestive heart failure, arrhythmia requiring medication, or uncontrolled hypertension; organ allografts requiring immunosuppressive therapy; evidence of bleeding diathesis or coagulopathy; a serious non-healing wound, ulcer, or bone fracture; or a history of abdominal fistula, gastrointestinal perforation, or intra-abdominal abscess within the six months before enrollment. Ongoing treatment with aspirin (\>325 mg/day) or other medications known to predispose patients to gastrointestinal ulceration was prohibited.

Treatment {#s2b}
---------

Patients were assigned by central dynamic randomization in a ratio of 2:1 to two groups and treated with bevacizumab (5 mg/kg) administered intravenously (i.v.) on day 1 every two weeks plus mIFL \[irinotecan (125 mg/m^2^) i.v. on day 1 followed by leucovorin (LV) (20 mg/m^2^) i.v. and 5-FU (500 mg/m^2^) i.v. infused over 6--8 h weekly for four weeks\] every six weeks or mIFL alone every six weeks, respectively. Treatment was continued until documented progressive disease, death, or unacceptable toxicity.

If chemotherapy was discontinued permanently because of toxicity, the patient was allowed to continue with bevacizumab therapy. Similarly, if bevacizumab was discontinued permanently due to toxicity, the patient was allowed to continue with chemotherapy.

Study endpoints {#s2c}
---------------

In this study to evaluate and compare the efficacy of bevacizumab in combination with mIFL to mIFL alone, the co-primary endpoints were PFS rate at six months and duration of PFS. Secondary endpoints were the objective response rate \[ORR; according to Response Evaluation Criteria in Solid Tumors (RECIST)\], duration of response, OS, and the safety profiles of both treatment arms.

Assessments {#s2d}
-----------

Physical examination, ECOG performance status, blood pressure (BP), and routine blood and urine analyses were assessed within 28 days of starting study treatment. During treatment, physical examination, ECOG performance status, BP, and blood and biochemistry analyses were repeated every six weeks for the first 24 weeks and every 12 weeks thereafter. After disease progression or withdrawal, patients were followed up at least every three months until death.

Tumor assessments using abdominal and pelvic spiral computed tomography (CT) with chest X-rays or CT scans were performed at baseline and every six weeks for the first 24 weeks and then every 12 weeks. Objective response and disease progression were determined by the investigator using RECIST. Confirmation of response was performed four weeks after it was first documented. The PFS rate at six months was defined as the proportion of patients not experiencing disease progression or death due to any cause from randomization to six months after that. Patients without tumor assessment or survival information at week 24 for any reason were not regarded as progression-free survival at six months. PFS was defined as the time from the date of randomization to the first date of documented disease progression or death due to any causes. ORR according to RECIST was the best response documented from the start of treatment until disease progression or recurrence. Duration of response was defined as the time from the first documented complete or partial response to disease progression or death due to any cause.

Patients were evaluated for adverse events (AEs) and serious adverse events (SAEs) before each treatment cycle until treatment end. AEs were graded according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.

Statistical analysis {#s2e}
--------------------

The sample size estimation was based on practical considerations; it had adequate power for detecting the difference in PFS based on the available results from the pivotal global study.

The primary population for all efficacy analyses, full analysis set (FAS) population, was defined as all patients enrolled into the study who received at least one dose of study medication and had at least one tumor assessment after randomization. The safety population was defined as all patients enrolled into the study who received at least one dose of study medication.

PFS rates at six months are presented as the mean and 95% confidence interval (CI) and were compared with a Pearson χ^2^ test between the two treatment arms. For PFS, the median values are presented as 95% CI and were compared using the Kaplan-Meier method and the log-rank test between the two treatment arms. ORRs are presented as 95% CIs and were analyzed using the Pearson χ^2^ test. OS and duration of response, including median time to event, were analyzed using the Kaplan-Meier method.

The incidences of AEs, SAEs, deaths, drug-related AEs, grades 3 and 4 AE and AE of special concern to bevacizumab (hypertension, proteinuria, gastrointestinal perforation, wound-healing complications, arterial thromboembolic event, venous thromboembolic event, bleeding and congestive heart failure) are presented descriptively as number of cases and incidence.

Results {#s3}
=======

Patient population {#s3a}
------------------

Between July 20, 2007 and August 7, 2008, 214 patients were enrolled at 12 centers in China, randomized to two groups, and received bevacizumab plus mIFL (*n* = 142) or mIFL alone (*n* = 72), respectively. Three patients in the bevacizumab plus mIFL group were excluded because they did not receive study treatment after randomization (*n* = 1) or did not have tumor assessment or survival information after randomization (*n* = 2), and eight patients in the mIFL group were excluded because they either did not receive study treatment (*n* = 2) or did not have tumor assessment or survival information (*n* = 6). The FAS population, therefore, comprised a total of 203 patients (bevacizumab plus mIFL group, *n* = 139; mIFL group, *n* = 64), and the safety population comprised 211 patients (bevacizumab plus mIFL group, *n* = 141; mIFL group, *n* = 70). Baseline demographic and clinical characteristics were well balanced between the two groups ([Table 1](#cjc-30-10-682-t01){ref-type="table"}).

Treatment exposure {#s3b}
------------------

The duration of treatment, shown as mean ± standard deviation (SD), for the safety population was (2.3 ± 1.8) months in the mIFL group and (6.2 ± 4.5) months in the bevacizumab plus mIFL group, and the number of treatment cycles was 2.2 ± 1.2 and 4.7 ± 3.0, respectively. The median dose intensity of bevacizumab in the bevacizumab plus mIFL group was 98.7%. The median dose intensity of irinotecan was 79.8% in the mIFL group and 73.6% in the bevacizumab plus mIFL group; for 5-FU, it was 85.4% and 75.5%, respectively; and for LV, it was 95.7% and 88.6%, respectively.

Efficacy {#s3c}
--------

The addition of bevacizumab to chemotherapy as first-line treatment for Chinese patients with mCRC resulted in a significant (*P* \< 0.001) improvement in the co-primary endpoint of PFS rate at six months from 25.0% (95% CI, 14.4%--35.6%) in the mIFL group to 62.6% (95% CI, 54.5%--70.6%) in the bevacizumab plus mIFL group ([Figure 1](#cjc-30-10-682-g001){ref-type="fig"}). The addition of bevacizumab to chemotherapy also significantly (*P* \< 0.001) prolonged PFS, with a median PFS of 4.2 months (95% CI, 3.7--4.9 months) in the mIFL group compared to 8.3 months (95% CI, 7.4--8.9 months) in the bevacizumab plus mIFL group ([Figure 1](#cjc-30-10-682-g001){ref-type="fig"}). A clinically meaningful reduction in the risk of progression or death of 56% was observed with the addition of bevacizumab to mIFL \[hazard ratio (HR), 0.44; 95% CI, 0.31--0.63; *P* \< 0.001\].

###### Baseline characteristics of patients with metastatic colorectal cancer in two groups

  Characteristic                   mIFL group (*n* = 64)   Bevacizumab plus mIFL group (*n* = 139)
  ------------------------------- ----------------------- -----------------------------------------
  Sex^a^                                                  
   Men                                   36 (56.2)                        70 (50.4)
   Women                                 28 (44.8)                        69 (49.6)
  Age (years)^b^                        50 (22--72)                      53 (23--77)
  ECOG performance status^a^                              
   0                                     23 (35.9)                        66 (47.5)
   1                                     41 (64.1)                        73 (52.5)
  Primary tumor site^a^                                   
   Colon                                 31 (48.4)                        66 (47.5)
   Rectum                                32 (50.0)                        66 (47.5)
   Colorectum                             1 (1.6)                          7 (5.0)
  Number of metastatic sites^a^                           
   1                                     23 (35.9)                        58 (41.7)
   \>1                                   41 (64.1)                        81 (58.3)
  Previous cancer therapy^a^                              
   Adjuvant chemotherapy                 25 (39.1)                        70 (50.4)
   Radiotherapy                          12 (18.8)                        17 (12.2)

ECOG, Eastern Cooperative Oncology Group; mIFL, modified irinotecan, leucovorin bolus, and 5-fluorouracil intravenous infusion. ^a^The values are presented as number of patients, with the percentage in parentheses. ^b^The values are median age, with range in the parentheses.

![Progression-free survival (full analysis set) in Chinese patients with metastatic colorectal cancer treated with either bevacizumab plus mIFL or mIFL alone.\
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![Overall survival (full analysis set) In Chinese patients with metastatic colorectal cancer treated with either bevacizumab plus mIFL or mIFL alone.\
mIFL, modified irinotecan, leucovorin bolus, and 5-fluorouracil intravenous infusion.](cjc-30-10-682-g002){#cjc-30-10-682-g002}

###### Overall response rate of patients

  Outcome                              mIFL (*n* = 64)   Bevacizumab + mIFL (*n* = 139)    *P*
  ----------------------------------- ----------------- -------------------------------- -------
  Overall response rate (%, 95% CI)     17.2 (8--28)             35.3 (28--44)            0.013
  Complete response^a^                      0 (0)                   4 (2.9)              
  Partial response^a^                     11 (17.2)                45 (32.4)             
  Stable disease^a^                       33 (51.6)                81 (58.3)             
  Progressive disease^a^                  13 (20.3)                 3 (2.2)              
  Not evaluable^a^                        7 (10.9)                  6 (4.3)              

CI, confidence interval. mIFL, modified irinotecan, leucovorin bolus, and 5-fluorouracil intravenous infusion. ^a^The values are presented as number of patients, with percentage in the parentheses.

OS was also significantly (*P* = 0.014) improved with the addition of bevacizumab to mIFL, with the median OS of 13.4 months (95% CI, 9.7--17.2 months) in the mIFL group increasing to 18.7 months (95% CI, 15.8--19.6 months) in the bevacizumab plus mIFL group ([Figure 2](#cjc-30-10-682-g002){ref-type="fig"}). Bevacizumab significantly reduced the risk of death by 38% (HR, 0.62; 95% CI, 0.41--0.95; *P* = 0.014).

The ORR in the mIFL group was 17% (95% CI, 8.4%--27.7%), and it increased to 35% (95% CI, 27.5%--43.5%; *P* = 0.013) in the bevacizumab plus mIFL group ([Table 2](#cjc-30-10-682-t02){ref-type="table"}). The median duration of response was 3.5 months (95% CI, 1.8--4.7 months) in the mIFL group and 7.4 months (95% CI, 6.0--8.8 months; *P* = 0.081) in the bevacizumab plus mIFL group.

Tolerability {#s3d}
------------

Overall, the addition of bevacizumab to chemotherapy was well tolerated with no new safety signals being observed for bevacizumab. Almost all of the patients experienced at least one AE (mIFL group, 99%; bevacizumab plus mIFL group, 97%). The incidence of grades 3 and 4 AEs, including the most frequent AEs of diarrhea and neutropenia, was comparable between the two groups (mIFL group, 61%; bevacizumab plus mIFL group, 69%) ([Table 3](#cjc-30-10-682-t03){ref-type="table"}). The majority of AEs of special interest to bevacizumab were of grade 1 or 2 severity and medically manageable. The incidence of hypertension (all grades) was 1% in the mIFL group and 16% in bevacizumab plus mIFL group, with 4% of patients in the b evacizumab plus mIFL group experiencing grade 3 hypertension. The incidence of proteinuria was 17% in the bevacizumab plus mIFL group, of which 1 % was of grade 3 severity. There was no proteinuia reported in the mIFL group. The incidence of all bleeding events was higher in the bevacizumab plus mIFL group than in the mIFL group \[36% (*n* = 50) vs. 13% (*n* = 9)\]; however, only 0.7% of patients in the bevacizumab plus mIFL group had a grade 3 bleeding event compared to 1% of patients in the mIFL group. The majority of the bleeding events in the bevacizumab plus mIFL group were mucocutaneous: grades 1 and 2 epistaxis occurred in 30 patients, and grade 1 gingival and vaginal bleeding occurred in four patients each. Two patients in the bevacizumab plus mIFL group reported a grade 3 arterial thromboembolic event, but no grade 3 venous thromboembolic events were observed in either group. Similarly, gastrointestinal perforation was uncommon, and no wound-healing complications or congestive heart failure was observed.

The proportion of patients who withdrew from all study treatment as a result of an AE was higher in the mIFL group (13/70, 18.6%) than in the bevacizumab plus mIFL group (14/141, 10%), with most of the events being known chemotherapy side effects. The incidence of AEs leading to death was similar in the bevacizumab plus mIFL (2/141, 1%) and mIFL groups (1/70, 1%). There was another death of unknown reason reported as an SAE in the bevacizumab plus mIFL group. The patient died 30 days after withdrawal of informed consent for the study.

###### Incidence of grades 3 and 4 adverse events during treatment with either mIFL or bevacizumab plus mIFL

  Grades 3 and/or 4 adverse event              mIFL (*n* = 70)   Bevacizumab + mIFL (*n* = 141)
  ------------------------------------------- ----------------- --------------------------------
  Grades 3 and/or 4 adverse event(s)                            
   Patients with ≥ 1 adverse event                    3                        8
   Diarrhea                                          21                        26
   Neutropenia                                       19                        33
   Vomiting                                           9                        8
   Nausea                                             3                        5
   Anemia                                             1                        4
   Thrombocytopenia                                   4                        3
   Febrile neutropenia                                2                        2
  Events of special interest to bevacizumab                     
   Hypertension                                       0                        4
   Bleeding                                           1                        1
   Thromboembolic events-arterial                     0                        1
   Proteinuria                                        0                        1
   Gastrointestinal perforation                       0                        1

mIFL, modified irinotecan, leucovorin bolus, and 5-fluorouracil intravenous infusion. The values are presented as percentage.

Discussion {#s4}
==========

This phase III ARTIST trial demonstrates that the addition of bevacizumab to mIFL chemotherapy as first-line treatment for Chinese patients with mCRC resulted in a significant increase in PFS rate at six months compared with mIFL alone (62.6% vs. 25.0%, *P* \< 0.001) and significantly prolonged median PFS (8.3 months vs. 4.2 months, *P* \< 0.001), another co-primary endpoint. Evaluation of the secondary efficacy endpoints showed that the addition of bevacizumab to mIFL significantly improved median OS compared to mIFL alone (18.7 months vs. 13.4 months, *P* = 0.014), increased the ORR from 17.2% to 35.3% (*P* = 0.013), and increased the duration of response from 3.5 months to 7.4 months (*P* = 0.081). The improvements in PFS and OS observed following the addition of bevacizumab resulted in a clinically meaningful reduction of 56% in the risk of progression or death and a reduction of 38% in the risk of death.

The efficacy of mIFL chemotherapy alone in this study is comparable with that reported in a phase II trial involving Chinese patients with mCRC receiving mIFL chemotherapy in which the ORR was 17% and the median time to progression was six months[@b11]. However, the PFS and OS in both groups in the current study were numerically shorter than those observed in the pivotal study by Hurwitz *et al*.[@b2]. Besides the ethnic difference of the patients enrolled in the two studies, there are several possible explanations for these differences. First, baseline ECOG performance status was slightly less favorable in this study (48% of patients with ECOG performance status 0) compared to the study by Hurwitz *et al*.[@b2] (57% patients with ECOG performance status 0), which suggests that the prognosis of patients in this study might be slightly worse. Also, almost 50% of the patients in this study had rectal cancer; however, only 20% patients with rectal cancer were enrolled in the study by Hurwitz *et al*.[@b2]. Despite the above differences between the two studies, the efficacy findings reported here show the same trend toward clinical benefit for bevacizumab in combination with chemotherapy compared to chemotherapy alone in Chinese patients with mCRC as that observed by Hurwitz *et al*.[@b2], suggesting that Chinese patients may achieve the same clinical benefit from bevacizumab treatment as Caucasian patients.

The tolerability profile of combination of bevacizumab with mIFL was consistent with that in other studies using this or similar regimens, e.g., the studies by Hurwitz *et al*.[@b2] and Huang *et al.*[@b11]. Combination of bevacizumab with chemotherapy in Chinese patients with mCRC resulted in a slightly increased incidence of AEs, especially chemotherapy-associated AEs such as neutropenia, diarrhea, and nausea, compared to chemotherapy alone. The incidence of grades 3 and 4 AEs was also increased slightly from 62% to 69% with the addition of bevacizumab to chemotherapy, but treatment discontinuations as a result of AEs were mainly the result of chemotherapy-associated toxicities. Notably, treatment duration was much longer in the bevacizumab plus mIFL group (161 days) than in the mIFL group (64 days), and cumulative doses of chemotherapy were also higher (almost twice as high) in the bevacizumab plus mIFL group than in the mIFL group. Grade 3 hypertension (4% vs. 0%), proteinuria (1% vs. 0%), arterial thromboembolic events (1% vs. 0%), and gastrointestinal perforation (1% vs. 0%) were more commonly observed in the bevacizumab plus mIFL group than in the mIFL group. No grade 3 venous thromboembolic events or wound-healing complications and episodes of congestive heart failure of any grade were observed. No new safety signals were observed with bevacizumab, and the addition of this biological agent to mIFL was well tolerated against a background of irinotecan-containing chemotherapy.

The clinical benefits of adding bevacizumab to first-line chemotherapy for mCRC have been observed across a range of different chemotherapy regimens[@b2]--[@b4],[@b12],[@b13]. Similar benefits have been observed in the second-line setting for mCRC [@b5],[@b14]--[@b16]. The bevacizumab regimens (investigation of treatment effects and safety, BRiTE) observational study showed that patients with mCRC who continued bevacizumab treatment after first progression had superior median survival beyond progression and median OS (19.2 and 31.8 months, respectively) than did those in whom bevacizumab was discontinued after progression (9.5 and 19.9 months, respectively)[@b17], indicating that second-line bevacizumab is beneficial even in patients who received this agent in the first-line setting. A separate observational cohort study examined the role of bevacizumab after disease progression in patients who did or did not received first-line bevacizumab and showed a trend towards longer OS in patients who had first- and second-line bevacizumab exposure (median OS, 21.7 months) than in patients who only received bevacizumab after progression (median OS, 17.5 months)[@b8]. The second-line PFS was similar in both groups (7.6 vs. 8.0 months, respectively)[@b8]. Those findings, together with the results of the present study, support the use of bevacizumab in combination with chemotherapy as first-line therapy for patients with mCRC.

In summary, this phase III ARTIST trial suggested that the addition of bevacizumab to mIFL chemotherapy in the first-line treatment of Chinese patients with mCRC resulted in a significantly increased PFS rate at six months and improved PFS, OS, and ORR. This clinical benefit was accompanied by a low rate of additional AEs. Furthermore, the clinical benefit and safety profiles of bevacizumab in Chinese patients were consistent with those observed in pivotal phase III multi-national trials.
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